Characterization of Gating Mechanisms in Prokaryotic Pentameric Ligand-Gated Ion Channels  by Velisetty, Phanindra & Chakrapani, Sudha
114a Sunday, February 26, 2012unknown. Understanding this transition is crucial as potentiating molecules like
anesthetics and alcohols are believed to affect transition barriers or the relative
free energy of states [1]. To investigate this dynamics, we have performed ex-
tensive simulations on the Gloeobacter violaceus pentameric LGIC (GLIC),
a prokaryotic homologue that has been extensively used as a model since the
publication of its structure in the open state two years ago. Contrary to most
LGIC activated by various neutransmitters (acetylcholine, serotonin, glycine
and GABA), GLIC’s agonist has not been identified. GLIC is open at acidic
pH, and closed at neutral and basic pH. We started from the open structure
of GLIC and set it to a neutral pH, expecting a closing event. This approach
appears to be successful on multi-microsecond scale, and reveals a new closed
state of GLIC. This new state reveals a symmetrical organization of M2 helices,
where the extracellular part of the helix is organized in a similar way as ELIC
structure. Moreover, our unconstrained simulation covering four microseconds
details the succession of events leading from an open to a close pore; (i) Extra-
cellular domain (ECD) reorganization (0-0.2 ms), (ii) rotation and twist of M2
helix (0.2-0.8 ms), (iii) at 0.8 ms the pore start to dehydrate, and is followed by
slow relaxation of the whole structure (0.8-4.0 ms).
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Pentameric Ligand Gated Ion Channels (pLGICs) are membrane receptors
widely spread in the animal kingdom that play a key role in the nervous signal
transduction. The determination of a crystal structure of one of these proteins
has been recognized as particularly difficult. The discovery and the crystalliza-
tion of bacterial homologues, such as GLIC from Gloeobacter violaceus in
2008 (Bocquet et al., Nature, 2008, 457:111; Hilf & Dutzler, Nature, 2008,
457:115) provided new insights in the understanding of the operating mecha-
nism of these channels.
Recently, two general anesthetics (GAs), propofol and desflurane, have been
co-crystallized with GLIC (Nury et al., Nature, 2011, 469:428). Several exper-
imental and theoretical studies suggested the potential existence of several
binding sites for GAs, alcohols and ions that modulate the activity of the chan-
nel. Such data inspire studies on the mechanism of general anesthetics and al-
lostery within the pLGIC family.
We intend to study the dynamic properties of the interactions between GLIC-
desflurane and GLIC-propofol by means of molecular dynamics simulations,
on the basis of existing crystal structures. The currently available data do not
allow the characterization of this interaction in a satisfying manner. We com-
puted more than one hundred all-atom simulations of the ligand-bound GLIC
system inserted in a membrane. We wish to obtain significant statistics on
the exploration of the cavity by desflurane and propofol varying the initial con-
ditions for each simulation. This approach may allow us to explore the ligand-
filled cavity rather exhaustively and provide a sound bakckground for deriving
hypotheses on GAs.
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Pentamericligand-gated ion channels (pLGIC) mediate fast neurotransmission
in the central and peripheral nervous systems and thereby regulate excitability,
neurotransmitter release and muscle contraction. Upon activation, these chan-
nels rapidly switch between closed, open and desensitized conformations. The
recent crystal structures of the prokaryotic pLGIC homologs from E. chrysan-
themi (ELIC) and G. violaceus (GLIC) in presumably the closed and open
channel conformations, respectively have provided excellent models for an
atomic-level understanding of the channel structure and its role in selective
ion-conduction and drug binding. However, it is still unclear as to what func-
tional states of the pLGIC gating-scheme do these crystal structures represent.
Much of this uncertainty arises from a lack of thorough understanding of the
functional properties of these prokaryotic channels. Here we have carried out
an extensive characterization of GLIC function by both macroscopic and
single-channel current measurements in reconstituted proteoliposomes. We
find that GLIC channels show rapid activation (milliseconds timescale) upon
jumps to acidic pH followed by a time-dependent loss of conductance (seconds
timescale) due to desensitization. We have investigated various aspects of
channel activation and desensitization and determined how these gating events
are modulated by pH, voltage, permeant ions, pore-blockers and membrane
lipid compositions. Analyzed in the framework of recent structures, these re-sults uncover several important features of gating mechanisms in GLIC and
how they relate to their eukaryotic counterparts.
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Ionotropic glutamate receptors (iGluRs) mediate fast neurotransmission and are
therefore essential to memory and learning processes in the brain. They are also
involved in many neuropathologies, like epilepsy, Alzheimer’s disease, Parkin-
son’s disease and schizophrenia [1]. Although a large amount of structural data
is currently available for iGluRs [2] and the general mechanism of functioning
is well understood, the details of this mechanism at atomic level are unknown.
In these conditions, molecular dynamics can be an useful tool for the study of
these receptors [3].
In this work, we have designed protocols that are able to simulate in a reproduc-
ible manner, using molecular dynamics, the desensitization and the activation
processes for the iGluRs Ligand Binding Domain (LBD) dimer. For the first
time, we have generated a desensitized conformation of iGluRs LBD dimer
without artificial structural constraints. The results obtained in this study should
allow a better understanding of the factors governing these two processes and
the design of new allosteric modulators for iGluRs.
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NMDA receptors are tetrameric glutamate-gated ion channels pivotal to excit-
atory neurotransmission in themammalian central nervous system. Each subunit
of the NMDA receptor harbors an extracellular ligand-binding domain (LBD)
connected by three linkers to the transmembrane segments that form the ion
channel. Activation gating of NMDAR involves the propagation of ligand-
induced conformational changes in the LBD into ion channel pore opening via
linker peptide segments. The M3-S2 linker, which is attached to the pore-
lining M3 transmembrane segment, has been shown to be a critical gating ele-
ment. Constraining the conformational freedom of M3-S2 relative to the adja-
cent S2-M4 linker of the same subunit drastically reduced the efficacy of
gating with a 30-75-fold reduction in channel open probability. Here we report
the gating effects of limiting the relative conformational mobility of the S1-M1
and S2-M4 linkers with crosslinking disulfide bonds. Both intra- and inter- sub-
unit crosslinking strategies inGluN1/GluN2A-containing receptorswere used to
dissect the linkers’ roles in gating transduction. We found that although the S1-
M1 and S2-M4 linkers are connected respectively to the M1 and M4 transmem-
brane segment located peripheral to the pore, constraining their relative move-
ments significantly hampered gating efficacy, as assayed using single channel
recording. These results suggest that all the linkers in a single receptor complex
function as an intricate unit in the gating transduction process and have important
implications for potential drug targeting as unique noncompetitive antagonists
are known to bind to the S1-M1 and S2-M4 linkers of certain glutamate receptor
subtypes, although their mechanisms of action are yet undefined.
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